The major storage protein fraction, globuhin-1 protein, of French bean (Phaseolus vulgaris L.) was analyzed by two-dimensional electrophoresis. The protein pattern suggested a more complex system for globuUn-1 protein than the model of three polypeptides, a, .8, and y, differing in molecular weight. Isoelectrofocusing analyses of the individual proteins showed that each exhibited charge microheterogeneity over a similar pH range. Isoelectrofocusing banding patterns may help to understand the relationships between the globulin-1 polypeptide subunits.
Electrophoretic techniques have been proven invaluable in the study of the storage proteins of many important crops. The genetics of storage protein production in wheat (Triticum aestivum) was investigated using a two-dimensional technique that combined IEF2 with SDS-PAGE (1) . IEF has been used extensively to study zein, the major storage protein of Zea mays, because of the small variation in mol wt and the large charge heterogeneity of this protein (2, 9, 10) .
The GI storage protein of the French bean (Phaseolus vulgaris) comprises some 40%o of the total seed protein (6) . In the cultivar Tendergreen, GI has been shown on SDS-PAGE to be composed of three protein subunits of mol wt 53,000, 47,000, and 43,000 (3, 7) ; the subunits were called a, ,B, and -y, respectively (4) . Here, further analysis of GI protein using two-dimensional electrophoresis and IEF is described and it is shown that, similar to the situation for zein, there is charge heterogeneity within each of the mol wt classes.
MATERIALS AND METHODS
Plant Materials, Gl Purification, and Preparation for Electrophoresis. Seeds IEF. Proteins were separated by charge in the system described by O'Farrell (8) . The Ampholine carrier ampholytes (LKB) used were of pH range 3.0 to 6.0 and generated a pH range in the gels of 4.2 to 6.4, as measured by the method of O'Farrell (8) . IEF was carried out in either glass tubes (12 cm long x 2.5 mm i.d.) or in a 1.5-mm thick slab gel at 200 v for 20 h, followed by 400 v for 1 h.
SDS-PAGE. Proteins were separated according to mol wt using the SDS-PAGE system of Laemmli (5) as modified by Ma and Bliss (6) . The 1.5-mm thick, 13% (w/v) polyacrylamide slab gels were electrophoresed at 10 mamp/gel for 16 h.
Two-dimensional Electrophoresis. The electrophoretic techniques described above were combined to provide a two-dimensional GI protein pattern. After IEF, the gels were extruded from the glass rods, equilibrated as described by O'Farrell (8), and then laid along the surface of the SDS-polyacrylamide slab gel. Before electrophoresis, the isoelectrofocused gel was covered with 1% (w/ v) agarose solution containing 0.625 M Tris-HCl (pH 6.8), 2% (w/ v) SDS, and 0.01% (w/v) bromophenol blue.
IEF of Protein Separated by SDS-PAGE. Gl protein was separated using SDS-PAGE, the gels were stained and destained, and pieces of gel containing a, I?, or -y GI polypeptides were removed. The gel pieces were placed on the top of IEF cylinder gels, or in slots in an IEF slab gel (pH 4.2 to 6.1), and overlaid with a 1% Ampholine solution containing 10% sucrose. All gels were stained in 0.1% Coomassie brilliant blue R250 in a 45% (v/v) methanol, 10% (v/v) acetic acid solution and destained in 10%o (v/ v) methanol, 10%o (v/v) acetic acid. RESULTS Two-dimensional Electrophoresis. Two-dimensional electrophoresis separated the G1 protein into three protein groups that appeared to correspond to the a, /3, and y GI polypeptides (Fig.   1 ). The protein groups were diffuse and were spread across a region of the gel towards the acidic end of the IEF gel. However, the a polypeptide appeared to have three major components (Fig.  1, Nos. 1-3) , and the ,B and y polypeptides each had two such components (Fig. 1, Nos. 4-7) . Separation of GI protein by IEF in a cylindrical gel yielded three bands which stained deeply with Coomassie dye and a number of other protein bands ( Figs. 1 and  2 ). The isoelectric points of the bands lay between pH 5.2 and 5.8 ( Fig. 1) , indicating that charge heterogeneity might occur.
SDS-PAGIE of Charge-separated Protein. GI protein was separated by IEF in a cylindrical gel (Fig. 2) , which then was cut so that each slice contained a protein band. These slices were subjected to electrophoresis in an SDS-polyacrylamide slab gel to investigate the polypeptide composition of the charge-separated protein bands. Each of the three heavily staining bands in the IEF gel (Fig. 2, bands 6-8 three G 1 polypeptides. The central band of the three (Fig. 2, band  7) , however, consistently showed a relatively small amount of a protein. Bands 9 and 10 ( Fig. 2 ) also clearly contained all three G 1 polypeptides, whereas bands 4, 5, and 11 to 14 (Fig. 2) showed a gradual reduction in y, 1.1, and then a polypeptide intensity. This reduction, especially towards the acidic end of the IEF gel (Fig. 2 , bands 9-14), paralleled the two-dimensional protein pattern (Fig.   1 ).
IEF of a, f, and y G1 Polypeptides. GI protein was separated by SDS-PAGE ( Fig. 1) Figure 2 . The a polypeptide resolved into three major heavily staining bands and the /8 and y polypeptides each yielded two such bands on IEF. These bands correspond to the major components of the two-dimensional pattern (Fig. 1, Nos. 1-7) . The isoelectric points of the two major bands in each of the / and y IEF patterns were similar to each other but lay between the isoelectric points of the three major bands of the a polypeptide.
The summation of these bands revealed protein bands 6 to 10 of the total Gl IEF pattern (Fig. 2) and explained the reduced concentration of the a subunit in Band 7 (Fig. 2) . The IEF banding patterns for ,B and y G1 polypeptides were more similar to each other than to the pattern of a polypeptide.
DISCUSSION
Electrophoresis of the GI storage protein of P. vulgaris cv. Tendergreen in the presence of SDS separated a, ,B, and y polypeptide components that differ in mol wt (3, 7) . agifid" .'A BROWN, BLISS, AND HALL additional complexity in that charge microheterogeneity exists within each of the a, fi, and y polypeptide classes. Such a system of few mol wt classes each with charge heterogeneity has a parallel with that reported for the 22,000-and 19,000-dalton components of zein, the storage protein of Z. mays (2, 9, 10) . However, the pH range covered by the differently charged polypeptides of G1 is smaller (pH 5.2-5.8) than that for zein polypeptides (pH 6.0-9.0) (2, 10).
Righetti et al. (9) reported that the charge heterogeneity of zein polypeptides was not an artifact caused by either extraction procedure, prosthetic groups (sugars or lipids), carbamylation, or Ampholine-protein interactions but was due to a combination of in vivo deamidition of glutamine and asparagine residues and spot mutations in zein genes. Ifthe observed charge microheterogeneity for G1 storage protein is not artifactual, then each charge variant may be the product of slightly different structural genes, the posttranscriptionally modified products ofone or more identical genes, or a balance between these two considerations.
Similarities exist between the IEF patterns of all three Gl polypeptides (Fig. 3) , suggesting a degree of homology between these proteins. In particular, the IEF pattems of the ,B and y polypeptides are more similar to each other than to that of the a protein. The GI polypeptides are all glycosylated but the degree of glycosylation of the -y GI polypeptide is much less than that of the a and ,B polypeptides (3) . When mRNA from bean cotyledons is translated in a cell-free protein synthesizing system from wheat germ, only two polypeptide bands are produced. These polypeptides co-electrophorese with glycosylated ,B and y GI protein. It is thought that the higher molecular weight in vitro band corresponds to nonglycosylated a GI protein and the lower mol wt band to a mixture of nonglycosylated ,8 and y proteins (4). Thus, the native, nonglycosylated /8 and y proteins have a similar mol wt but differ in their degree of glycosylation in the in vivo situation. The IEF protein patterns provide another criterion of similarity between the ,B and y polypeptides. Thus, the GI storage proteins of P. vulgaris have been shown to exhibit charge microheterogeneity with IEF, and this parameter may aid in the study of relationships between the a, ,B, and y polypeptides and may provide an additional technique for genetic studies of these proteins.
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